Abstract-Epilepsy affects 1% of the general population and is highly prevalent among Veterans. The purpose of this phase I study was to investigate a presurgical linguistically distributed language treatment program that could potentially diminish effects of proper-name retrieval deficits following left anterior temporal lobe resection for intractable epilepsy. A single-subject multiple-baseline design was employed for three individuals with late-onset chronic left temporal lobe epilepsy. Word retrieval treatment was administered prior to anterior temporal lobe resection. The primary outcome measure was confrontation naming of proper nouns. Immediately posttreatment (before surgery), there was a positive effect for all trained stimuli in the form of improved naming as compared with pretreatment. In addition, trained stimuli were found to be better after surgery than they were at pretreatment baseline, which would not be expected had language treatment not been provided. This series of case studies introduces two fundamentally novel concepts: that commonly occurring deficits associated with left temporal lobe epilepsy can be treated despite the presence of damaged neural tissue and that providing this treatment prior to surgery can lead to better preservation of language function after surgery than would be expected if the treatment were not provided.
INTRODUCTION
Epilepsy is a condition of recurrent, unprovoked seizures that affects 1 percent of the general population and is highly prevalent among Veterans [1] [2] . In medically intractable epilepsy with unilateral temporal lobe onset, surgical removal of the anterior temporal lobe (ATL) is a highly effective treatment, with class I clinical evidence supporting its use in specific circumstances [3] . The ATL plays a critical role in the convergence of visual information and proper nouns, and in the majority of individuals, resection is commonly associated with permanent difficulties in the retrieval of proper names [4] [5] . This problem is especially common in individuals undergoing surgery in the language-dominant hemisphere.
Though proper-name retrieval deficits following left ATL resection have been widely documented, the specific role of the left ATL in proper naming remains enigmatic. Several theories in the extant literature attempt to explain the link between the left ATL and proper-name retrieval. The neural instantiation of producing words denoting concrete entities has been proposed, for the typical system, to involve the coordination of a left perisylvian system of regions supporting phonological implementation and posterior cortical systems supporting visual conceptual structure. This coordination is thought to be mediated by left extrasylvian cortical regions (convergence zones) that are anatomically connected to both regions [6] [7] [8] . The association of the left temporal pole specifically with the production of proper names for persons and places [4, [8] [9] [10] may also have to do with (1) the resolution of high visual ambiguity at the apex of the ventral visual stream [7] , (2) the proximity of structures involved in social-affective processing [11] , and/or (3) a role for the temporal pole as an amodal semantic hub [12] [13] [14] .
Regardless of the specific mechanism, ATL resection interferes with the contribution of the temporal poles to language processing, leading to impaired word retrieval for proper names. Based on principles of experiencedependent neural plasticity [15] and Hebbian learning [16] , which form the current basis for rehabilitation of language following stroke [17] , we sought to remediate impaired proper-name knowledge to areas outside of the ATL prior to creating a brain lesion through surgery in hopes of improving proper-name retrieval and, therefore, reducing the negative effect of surgery on this skill.
We based our therapy approach on a model of language [18] that has previously been applied to language rehabilitation trials with individuals who have aphasia from stroke [19] . Specifically, this parallel distributed processing model states that common-noun linguistic knowledge is distributed and stored as patterns of neural connectivity and connection strengths between linguistic units, not only within the domains of semantics, phonology, orthography, and articulation but also between domains (see Nadeau [18] for a detailed explanation). Within a given domain, a representation corresponds to a specific pattern of activity of all the units, hence the term distributed representation. For example, semantic knowledge is instantiated as the pattern of connection strengths throughout the association cortices supporting this knowledge. Processing of a representation involves engagement of connections between the relevant representations for the target modality of communication.
(E.g., comprehension of an auditorily presented word is achieved through engagement of connections between acoustic representations and conceptual-semantic representations.) This simultaneous engagement of linguistic units is called a pattern associator network. The pattern associator network does not contain linguistic knowledge, per se, but serves only to translate between representations in different domains. During the process of learning language, or relearning in the case of injury, the strengths of the connections in the pattern associator networks are gradually adjusted so that a pattern of activity involving the units in one domain elicits the correct pattern of activity in the units of another domain.
With language treatment, we attempted to shift reliance of linguistic knowledge of proper names typically subserved by neural networks within the ATL to linguistic networks distributed across the left hemisphere (e.g., semantic features, phonology, orthography, and articulation) before ATL surgery. We envisioned that a new pattern associator network for trained proper names would be formed and, thus, retrieval of these proper names would not be as susceptible to damage following surgery as untrained items.
We predicted that three individuals who received intensive, multimodal training on naming of famous faces (FF), famous places (FP), and personally relevant faces (PRF) would show (1) improved naming performance on trained items prior to surgery with no improvement on untrained items and (2) partial maintenance of trained items following surgical resection (compared to pretreatment naming performance).
METHODS
Three individuals with intractable epilepsy who were scheduled for surgery participated in this study. The methodology related to stimuli, procedures, and analyses was essentially the same for all three participants; however, specifics regarding total number of treatment hours delivered, number of stimuli, and timing of treatment varied among each participant. Thus, methodology and results specific to each participant will be discussed in the context of three separate experiments.
Experimental Design
We employed a repeated-probe ABAA design for all three participants. During the baseline phase, trained and untrained stimuli were repeatedly probed to establish a stable baseline level of performance. During the course of treatment, repeated testing of trained and untrained stimuli was undertaken. Immediately upon treatment termination and after surgical resection, repeated probes of trained and untrained stimuli were administered. Selected subtests of the Wechsler Memory Scale-III and IV [20] [21] were administered as part of clinical protocol before and after surgery. Standardized language assessments including the Western Aphasia Battery (WAB) [22] (Participant 2 [P2] only) and the Boston Naming Test (BNT) [23] were administered as part of the research protocol before therapy, immediately after therapy, and after surgery ( Table 1) .
Outcome Measures
The primary outcome measure was verbal naming accuracy for visually presented pictures of FF and FP. Verbal responses were digitally recorded using a headset microphone and transcribed off-line by a research assistant who scored each response for accuracy (incorrect if omission or semantic or phonologic substitution). Intraand interrater scoring was performed by experienced research assistants for a portion of the data using intraclass correlations.
Stimuli
Experimental stimuli consisted of familiar FF and FP, and for Participant 1 (P1) only, PRF (e.g., family members, friends, and members of his medical team). A portion of the FP stimuli and all of the FF stimuli were gathered from Tranel's corpus [24] [25] . Personally relevant stimuli were selected based on people the encountered in his daily life (family, friends, and medical professionals) and could recognize in response to visual stimuli but could not name. Half of each stimulus category was trained, and for control, half of each category remained untrained. Also, 145 low-frequency common nouns served as control stimuli.
Treatment Procedures
The specific number of treatment hours for each participant is subsequently outlined within each experimental section. Therapy was linguistically distributed (lexical, semantic, phonologic, orthographic) and multimodal (visual, auditory, articulatory) [26] . The treatment procedures were as follows: A picture (e.g., Meryl Streep) was shown to the participant, who was then prompted to name it (e.g., "Can you name this person?"). Regardless of naming accuracy, each subsequent step was completed. Semantic features of the picture were provided verbally (e.g., "She is an Oscar-winning actress"). Three semantic features were initially generated by the clinician, and if the participant(s) had others to add, they were added. Two additional picture exemplars of the item were shown to the participant. Next, the number of syllables in each word and the initial phoneme of each word were provided. The experimenter then provided the total number of sounds in the first and last name, and sounded out the first and last name. The picture was then shown with the written name, and the participant was asked to write the name three times and repeat the name three times while keeping the written word in view. The experimenter then moved on to the next item, following the same procedure. As the therapy progressed, the participant naturally became more active in generating the cues.
Data Analysis
Repeated probe data were analyzed in terms of effect size (ES) [27] , comparing mean scores in the posttreatment probes to mean scores at baseline relative to baseline standard deviations (SDs), [ES = (Mean posttreatmentMean baseline ) / SD baseline ]. In the event that baselines had zero SD, a pooled ES was calculated using the following formula: [ES = (Mean posttreatment -Mean baseline ) / SD pooled ]. ES >2.6 was considered small, >3.9 was considered medium, and >5.8 was considered large [28] .
Experiment 1

Participant
P1 was a 51 yr old right-handed Caucasian male with left temporal lobe epilepsy (left temporal electroencephalogram [EEG] onset and left mesial temporal sclerosis) who contracted epilepsy at 42 yr of age. He held an associate of arts degree, had previously worked as a chef, and was unemployed at the time of enrollment in the study. He had a long-standing history of being seropositive for the human immunodeficiency virus and previously underwent surgical biopsy for a right parietal lymphoma, developing seizures several years afterward. He underwent a tailored left temporal lobectomy using speech mapping of object naming [29] . No temporal speech area was found with mapping. He had resection of the anterior 3-4 cm of middle and inferior temporal gyrus with sparing of the superior temporal gyrus and resection of the hippocampus back to the collicular plate, though without extensive hippocampal interictal abnormalities [30] . Prior to treatment, he demonstrated difficulty in naming proper nouns and PRFs (70% accuracy on the full Tranel corpus [24] [25] ). Lexical retrieval for common nouns was within normal limits as measured by the BNT (59/60). The participant had mild memory impairments on baseline neuropsychological testing that were apparent with both verbal and visual stimuli ( Table 1) .
Stimuli
Stimuli for P1 consisted of 20 FF, 24 FP, and 20 PRF. A portion of the FP stimuli was gathered from Tranel's corpus [24] [25] , and the remaining items consisted of famous world landmarks that the participant could not name.
Treatment and Outcome Measure Schedule
Repeated probes were collected prior to the start of treatment, during the course of treatment, immediately following treatment, and 8 wk following surgical resection. A total of 32 h of therapy were delivered: 2 h/d, 4 d/wk for 4 wk. Following the baseline testing phase, FF were first treated, then upon achieving criterion of 80 percent accuracy across three exposures to all treatment items (after 8 h), FP were treated, and then upon achieving criterion (after 16 h), PRF were treated (after 8 h). The treatment for PRF stimuli was terminated early as P1 underwent surgery.
Experiment 2
Participant
P2 was a 61 yr old right-handed Caucasian male with left temporal lobe epilepsy (left EEG onset and left mesial temporal sclerosis), who contracted epilepsy at 50 yr of age. He had approximately six complex partial seizures per week without generalized seizures. He was therapeutic on three anticonvulsants. He held a bachelor's degree and worked as a financial specialist. Cerebral amytal testing showed bilateral hemispheric involvement for language (but greater involvement on the right) and right dominance for memory. He underwent a left temporal lobectomy with resection of 4 cm of middle, inferior, and basal temporal gyri; 1cm of superior temporal gyrus; and approximately 3 cm of hippocampus. Prior to language treatment, he demonstrated difficulty in naming proper names (70% accuracy, full Tranel corpus [24] [25] ). No aphasia was present as measured by the WAB (aphasia quotient = 97.2/100), and mild common-name naming impairment was measured by the BNT (50/60) (see Table 1 for all test results). The participant had average to high average performance on verbal and visual memory tests as compared to his age-matched control group.
Stimuli
Stimuli for P2 consisted of 10 FF and 10 FP. All stimuli were gathered from Tranel's corpus [24] [25] , and FF and FP were treated simultaneously (as opposed to sequentially as with P1). P2 was trained on a fewer number of items because of limited treatment time as a result of a scheduled surgical resection.
Treatment and Outcome Measure Schedule
P2 received two rounds of treatment with the same FF and FP stimuli; he elected not to undergo surgical resection following the first course of language therapy. Results from the first course of therapy were reported in an earlier article [26] . Nine months following the first course of therapy, the participant decided to undergo surgery, thus another round of treatment was delivered. For the first course of treatment, repeated probes were administered prior to the start of treatment, during the course of treatment, and immediately following treatment. Nine months later, baseline repeated probes were administered. Probes were collected during the course of treatment, immediately following treatment, and 6 wk following surgical resection. P2 received a total of 10 h of therapy over 5 d in the first course of treatment and 3 h over 2 d in the second course of treatment.
Experiment 3
Participant
Participant 3 (P3) was a 35 yr old right-handed Caucasian male with left temporal lobe epilepsy who contracted complex partial epilepsy at 33 yr of age. He had a significant medical history of sleep apnea treated with continuous positive airway pressure and episodes of depression controlled with medication. He had 12 yr of education and worked as a sheriff's deputy. Although EEG suggested left temporal onset, his magnetic resonance imaging showed only subtle anterior and mesial temporal changes and a positron emission tomography scan suggested temporal lobe hypometabolism; thus invasive monitoring with subdural electrodes was recommended. Cerebral amytal testing revealed left-sided dominance for language and memory supported by both hemispheres. After craniotomy for implantation of medial and lateral temporal lobe electrodes, seizures were mapped to the basal-mesial temporal lobe. Speech (tools and animals, primarily) was mapped extraoperatively 6 d after electrode implantation. No temporal speech area was found with mapping. He subsequently had resection of 5 cm of basal and inferior temporal gyri, 4 cm of middle temporal gyrus, and 1cm of superior temporal gyrus. Approximately 2.5 cm of hippocampus was resected. Pathology revealed dysplastic organization of the anteriomesial and basal temporal lobe.
Prior to language treatment, he demonstrated difficulty in naming proper names (16.85% accuracy on full Tranel corpus [24] [25] ). There was no aphasia present as shown by a score of 96/100 on the WAB aphasia quotient. Impaired common-noun naming was evident as measured by the BNT (39/60). A list of his relevant neuropsychological and language testing scores is provided in Table 1 . The participant had very mild memory impairments on baseline neuropsychological testing that suggested dominant hemisphere dysfunction.
Stimuli
Stimuli consisted of 10 FF and 10 FP [24] [25] , which were treated simultaneously.
Treatment and Outcome Measure Schedule
Repeated probes were collected prior to the start of treatment, during the course of treatment, immediately following treatment, and 11 wk following surgical resection. A total of 6 h of therapy was delivered (3 treatment sessions of 2 h each).
RESULTS
Experiment 1
Reliability scoring was performed on 25 percent of the verbal naming performance data. Intraclass correlation assessing reliability was 0.99 (intrarater) and 0.99 (interrater). Results for P1 are displayed in Table 2 .
Acquisition effects were measured by naming of trained FF, FP, and PRF items immediately following therapy. Pretreatment naming performance for trained FF was 0.00 percent (SD = 0.00), for FP was 0.00 percent (SD = 0.00), and for PRF was 18.50 percent (SD = 8.01). Naming performance immediately posttreatment for FF was 99.00 percent (SD = 3.33, ES = 26.16; large), for FP was 100.00 percent (SD = 0.00, ES = 27.32; large) and for PRF was 53.33 percent (SD = 5.77, ES = 4.36; medium). Control for treatment was measured by naming of untrained items immediately posttreatment (compared to pretreatment). Results showed: pretreatment naming accuracy for FF was 1.43 percent (SD = 3.78), for FP was 6.46 percent (SD = 3.66), and for PRF was 6.92 percent (SD = 8.55). Immediately posttreatment, naming accuracy for untrained items for FF was 6.67 percent (SD = 7.07, ES = 1.39; no effect), for FP was 16.70 percent (SD = 0, ES = 2.80; small), and for PRF was 16.70 percent (SD = 5.77, ES = 1.14; no effect) (Figure 1) .
The effect of training on the preservation of proper naming skills was measured by spoken word production of trained items following surgery. Immediate postsurgical naming accuracy for trained items for FF was 23.33 percent (SD = 5.77, ES = 6.17; large), for FP was 25.00 percent (SD = 8.3, ES = 6.83; large), and for PRF was 23.33 percent (SD = 5.77, ES = 0.61; no effect). Control for mitigation was measured by spoken word performance of untrained items immediately postsurgery (compared to pretreatment). Immediate postsurgical naming accuracy for untrained items for FF was 0.00 percent (SD = 0, ES = 1.39; no effect), for FP was 2.77 percent (SD = 4.79, ES = 1.01; no effect), and for PRF was 6.67 percent (SD = 5.77, ES = 1.14; no effect).
Experiment 2
Reliability scoring was performed on 15 percent of the data. Intraclass correlation assessing intrarater reliability was 0.99, and assessing interrater reliability was 0.97. Results for P2 are displayed in Table 2 and Figure 2 .
Acquisition effects were measured by spoken word production of trained FF and FP items immediately following therapy. Round 1 naming performance on trained items pretreatment for FF and FP (combined) was 28.00 percent (SD = 18.35) and immediately posttreatment was 87.00 percent (SD = 13.70, ES = 3.18; small). Round 2 naming performance on trained items pretreatment for FF Table 2 . Mean posttreatment accuracy, effect size (ES), and interpretation of ES for all participants for acquisition (posttreatment naming accuracy on trained and untrained items) and the effect of training on the preservation of naming skills (postsurgical naming accuracy of trained and untrained items).
Note: ES >2.6: small, >3.9: medium, >5.8: large. * Indicates support for predictions. † Not significant. ‡ Approaching significance near 2.6 for small effect size. FF = famous faces, FP = famous places, PRF = personally relevant faces.
immediately posttreatment was 100.00 percent (SD = 0.00, ES = 2.02; no effect). Control effects for treatment were measured by naming performance for untrained items immediately posttreatment (compared to pretreatment). Results showed control was maintained for both round 1 and round 2 of treatment. Round 1 naming performance for untrained items pretreatment was 30.00 percent (SD = 15.49) and immediately posttreatment was 42.00 percent (SD = 7.50, ES 0.75; no effect). Round 2 naming performance for untrained items pretreatment was 50.00 percent (SD = 10.00) and immediately posttreatment was 65.00 percent (SD = 7.07, ES = 1.50; no effect).
The effect of training on the preservation of naming skills was measured by spoken word production for trained items following surgery. Naming performance for trained items following surgery was 70.00 percent (SD = 17.32, ES = 2.27; no effect). Control effects were measured by spoken word performance of untrained items immediately postsurgery (compared to pretreatment). Immediate postsurgical naming accuracy for untrained items was 47.00 percent (SD = 15.30, ES = 1.08; no effect).
Experiment 3
Intraclass correlation assessing intrarater reliability was 0.97, and assessing interrater reliability was 0.97. Results for P3 are displayed in Table 2 and Figure 3 .
Acquisition effects were measured by the naming of trained FF and FP items immediately following therapy. Naming performance for trained items pretreatment for both FF and FP was 0.00 percent (SD = 0.00) and immediately posttreatment was 100.00 percent (SD = 0.00, ES = 17.32; large). Control effects for treatment were measured by naming performance for untrained items immediately postsurgery (compared to pretreatment). Results showed control was marginally maintained for this experiment as naming performance on untrained FF and FP pretreatment was 5.00 percent (SD = 6.00) and posttreatment was 30.00 percent (SD = 0.00, ES = 4.33; medium).
The effect of training on the preservation of naming skills was measured by spoken word production for trained items following surgery. Naming performance for trained FF and FP following surgery was 0.00 percent (SD = 0.00, ES = 0.00; no effect). Control effects were measured by naming performance of untrained items immediately postsurgery (compared to pretreatment). Immediate postsurgical naming accuracy for untrained items was 0.00 percent (SD = 0.00, ES = 1.00; no effect).
DISCUSSION
The purpose of this study was to investigate whether language treatment administered prior to surgery could reduce naming deficits before ATL surgery and diminish the negative effects of subsequent ATL surgery on proper-noun naming. We hypothesized that (1) using a linguistically distributed treatment approach would improve proper-noun naming presurgically despite the presence of damaged neural tissue and (2) presurgical language treatment would confer a preservation advantage for trained items over untrained items. Evidence for a protective effect of preoperative language therapy would support a paradigm shift in the treatment of proper-name retrieval deficits resulting from elective neurosurgical procedures, such as ATL resection for epilepsy.
Overall, the results of this preliminary investigation provide support for the application of an intensively delivered, neurally distributed behavioral treatment that has shown success in rehabilitation of word-retrieval deficits following stroke [19] . That is, if proper-noun knowledge is documented to be a binding zone within the ATL and linguistic knowledge such as phonology and acoustic, semantic, and orthographic substrates for common nouns are documented to be distributed throughout the dominant left hemisphere [31] , then through explicit training of proper-noun linguistic features, the representations of proper nouns can be expanded beyond the binding zone of the ATL. However, there is a caveat to this statement. Because we are uncertain as to how much reorganization spontaneously occurred prior to surgery, treatment may have indeed capitalized on existing neural substrates located outside of the ATL.
Presurgical Acquisition
In all cases, our participants showed improved naming performance on items trained prior to surgery, demonstrating that improved naming of faces and places can occur despite the interference of ongoing seizure activity from the left ATL. Because of an absence of shared semantic features between proper names, we predicted only items receiving training would improve. That said, there was a small effect for untrained FP items for P1, and a medium effect for untrained FP and FF items for P3. There are several possible explanations for these findings. The change in naming performance for P1 reflects improvement on one item only (which is not clinically significant), suggesting there were too few items in the training corpus. Similarly, the change in naming performance for P3 reflects improvement on only two items. The participants could have been employing strategies learned in treatment to the untrained items, or even researching the items outside of the treatment session; however, when queried as to these possibilities, they denied these actions. Another possibility to explain improvement on the untrained items could be differing levels of familiarity with the items, and we believe this to be the case for P1. A retrospective analysis of the data showed that the items that contributed to overall improvement in his score were the same three items named correctly across the repeated probe sessions. Perhaps the participant's prior knowledge of these three items was more strongly instantiated relative to the other untrained (stable) items. Further, there is also a possibility that spontaneous, presurgical bilateral hemispheric language support may have contributed to overall performance on both trained and untrained items.
Effects of Presurgical Language Treatment on  Postsurgical Proper-Name Retrieval
Our second hypothesis, that presurgical language treatment would confer an advantage to trained items postsurgery, yielded mixed results. P3 did not show a mitigation effect, likely because of the low number of treatment hours he received (6) compared to the other two individuals (32 h for P1, 13 h for P2). That the participant with the lowest number of treatment hours did not show a mitigation effect is important information for this phase I study and likely suggests that a higher number of treatment hours are needed if the goal is to mitigate the expected postsurgical proper-naming deficits. Of interest, P1 showed a preservation effect for FF and FP, but not for PRF. The PRF stimuli employed may not have been carefully selected: the trained PRF stimuli were a combination of healthcare professionals from his epilepsy team (n = 6 items) and family/friends (n = 4 items). Retrospective analysis showed that the medium treatment effect of PRF (4.36) was because of his ability to learn names of his family members only and not his healthcare team. The family names likely represented semantic knowledge that was more richly represented and more strongly instantiated compared to the medical professionals who, while personally relevant, constituted more recently acquired conceptual knowledge. Finally, the ES for P2's trained items was approaching significance for the preservation hypothesis. As it turns out, compared to P1 and P3, P2 pretreatment baseline scores were 28 percent accurate, where P1 and P3 baseline scores were 0 percent accurate. Therefore, P2 was not able to make as large an improvement as a result of treatment as were P1 and P3. This relatively preserved baseline may be related to his atypical (bilateral, right > left) language dominance. Compared to those with typical (left) dominance, patients with atypical dominance may be expected to have similar language organization within the temporal lobe [32] [33] but lateralization of proper names could be altered wholly or in part [34] . Finally, it is interesting to note that P2 did not show much self-reported decline in activities of daily living and memory testing following surgery, which provides evidence that his presurgical reliance on ATL function was lower than it was for P1 and P3.
Limitations and Future Directions
The data presented here are preliminary, given the small number of participants and the diversity across training protocols that was necessitated by differences in the participants' neurological and neurosurgical treatment plans. There are a number of issues that remain to be resolved in future studies. First, as is typical in treatment development research, systematic refinement of the methodology should occur. This includes the addition of standardized measures to capture familiarity data used for stimuli selection. Second, standardizing the number of treatment hours would allow further exploration of the dose-response relationship that is suggested by our data. Third, while our data demonstrate that the participants were better off naming trained items after surgery than would have been expected had they not received the language treatment, we cannot be certain at this time whether it was solely the treatment that mitigated the negative effects of surgery on naming or it was merely that participants went into surgery with those trained items being more familiar prior to training. This issue can be resolved in future studies by comparing the effects of surgery on trained items that are returned to high levels of accuracy before surgery with the effects on items that were highly accurate presurgery without training. A fourth issue to consider in future studies is whether positive treatment effects rely on the entire multimodality treatment approach that we used here or on specific elements of that approach. Future studies should explore both participant and stimulus variables that may predict the response to treatment as well as neural mechanisms responsible for reorganization. Regardless of these limitations, however, we believe that the data presented here support the idea that providing a linguistically distributed treatment for proper-name retrieval can have a positive effect on people with left temporal lobe epilepsy, whether or not they undergo surgical resection of the left temporal lobe. Finally, in considering this treatment program approach from a broader perspective related to the timing of treatment delivery and the type of treatment administered, the concept employed here (presurgical delivery) is consistent with rehabilitation efforts applied to prevent or diminish effects of cognitive decline, such as those in mild cognitive impairment [35] .
CONCLUSIONS
It has long been observed that individuals with left temporal lobe epilepsy typically show impaired propername retrieval and that this impairment can be expected to become worse following left temporal lobe resection for seizure control. This study demonstrates two conclusions relevant to these phenomena: first, we have demonstrated that proper-name retrieval can be improved with a linguistically distributed treatment in people who have not had surgery, despite diseased temporal lobe function. Preoperatively, deficits were present but essentially resolved for most trained items (given adequate time for treatment), indicating that the areas damaged by ongoing epilepsy do not prevent the occurrence of processes that allow such naming to be rehabilitated. Second, we have shown that providing this intervention prior to surgery can result in postsurgical proper-name retrieval that is better than it had been prior to treatment; this is in contrast to the expected decline from baseline function that would be expected if there were no language treatment provided (which is typical of current standard care). This study, then, supports treatment of deficits prior to their full realization rather than in reaction to them.
